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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



1. Process Which is Manufacture Approach of Silicon System Thin Film Which Forms Silicon 
System Thin Film Which Consists of Hydrogenation Amorphous Silicon on Processed Substrate, 
and Arranges Processed Substrate in Reaction Chamber Beforehand, The process which closes 
and puts the component of said reaction chamber by carrying out the overc oat of the inside of 
said reaction chamber with a silicon system coat under existence of said processed substrate 
after performing 3 nitrogen-fluoride plasma treatment and hydrogen plasma treatment one by 
one under existence of this processed substrate, The manufacture approach of the silicon 
system thin film characterized by having the process which exchanges said processed substrate 
for other processed substrates, and the process which forms the silicon system thin film with 
which the rate of dark conduction consists of the hydrogenation amorphous silicon below 2x10-9 
(omega-1cm~1) at least on a processed substrate besides the above. 

2. the claim characterized by performing plasma treatment by inert gas or nitrogen before 
carrying out an overcoat with said silicon system coat after said hydrogen plasma treatment — 
the manufacture approach of a silicon system thin film given in the 1 st term. 

3. the claim characterized by performing formation of said silicon system thin film by the glow 
discharge part solution method or the sputtering method — the manufacture approach of a 
silicon system thin film given in the 1st term. 

4. the claim characterized by said silicon coat being hydrogenation amorphous silicon — the 
manufacture approach of a silicon system thin film given in the 1 st term. 

5. the claim characterized by performing said 3 nitrogen-fluoride plasma treatment after carrying 
out evacuation until the pressure of said reaction chamber is set to 5.0x10 to 6 or less Torrs — 
the manufacture approach of a silicon system thin film given in the 1st term. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[Objects of the Invention] 
(Field of the Invention) 

This invention relates to the manufacture approach of the silicon system thin film used as a thin 
film transistor (TFT is called hereafter). 
(Prior art) 

Although the silicon system thin film formed of the glow discharge part solution method (the GD 
method is called Glow Discharge Decomposition and the following) attracts attention recently, 
this is because it can form at low temperature, and the thing of a good property is obtained and 
it can moreover be adapted for the conventional silicon process. By having such a property, the 
silicon system thin film by the CD method is applied to TFT etc. as indicated by JP,61-49674,B. 
F]g.„4 — GD — it is drawing showing an example of the equipment which forms a thin film by law. 
In this drawing, evacuation is carried out after using a substrate fixture (3) for the up electrode 
(2) in a reaction chamber (1) and fixing a substrate (4) until it opens a bulb (5) and the pressure 
in a reaction chamber (1) is set to 5.0x10 to 6 or less Torrs. Heater wires (6) come to embed at 
an up electrode (2), and a substrate (4) can set it now as suitable temperature. Next, a bulb (5) 
is closed, where a bulb (7) is opened, it sets up, and desired gas bulb (1 1) - (15) and (16) - (20) 
and a bulb (26) are opened, a flow rate is adjusted by massflow controller (21) - (25), and desired 
gas is introduced in a reaction chamber (1). The pressure in a reaction chamber (1) is set as a 
desired pressure with an automatic pressure regulator (8) here, where material gas is introduced. 
And it lets a matching box (10) pass between an up electrode (2) and a lower electrode (9), an 
electrical potential difference is impressed according to DC or an AC power, glow discharge 
decomposition of the material gas is carried out, and the film is made to deposit on a substrate 
(4) in this condition. Thus, when the film is deposited, film deposition takes place at the place 
which not only a substrate (4) top but an up electrode (2), a lower electrode (9), and a reaction 
chamber (1) wall reach. If thickness is set to several micrometers or more, the film deposited on 
parts other than on substrate (4) is incorporated in the film which deposits film peeling on a 
lifting and a substrate (4), or will serve as a defect of the device which adheres to a substrate 
(4) front face and uses this substrate (4) as a component, and will get worse a device property. 
Moreover, it peels, and the film which fell adheres to a bulb etc. and becomes the cause which 
causes abnormalities in the degree of vacuum of equipment. Then, the film deposited on the 
unnecessary part must be removed. 
(Trouble which invention tends to solve) 

By the way, there are the two following approaches in the film removal method tried now. One of 
them takes the film of the unnecessary part which serves as a contaminant generation source 
with a sandpaper etc. by mechanical polish, and it is last approach. According to this approach, 
all the film of an unnecessary part cannot be removed, but a narrow part will remain being unable 
to clean. Moreover, cleaning takes time amount very much and it has the fault that the 
availability of equipment will fall. Furthermore, although GD equipment of an in-line method 
attracts attention recently when it sees from a film property side, a reaction chamber must be 
exposed to atmospheric air for cleaning, and the effectiveness of an in-line method fades. 



http://www4.ipdl. ncipi.go.jp/cgi-bin/tranj/veb_cgLejje 



2005/05/10 



JP.2726414.B [DETAILED DESCRIPTION] 



2/4 s<— v 



Another approach is plasma cleaning by fluorine system gas. As an example of this approach, the 
case where NF3 gas is used etc. is. examined by carbonization fluorine system gas, such as CF4 
gas, SF6 gas, and recently. Also when which these gas is used, it is already checked that the 
inside of a reaction chamber is cleaned. 

However, this approach has the following troubles. That is, when there is contamination by 
carbon or the fluorine when carbonization fluorine system gas is used, and SFs gas is used, there 
is contamination by sulfur or the fluorine. Although there is no contamination with such carbon 
and sulfur, the NF3 above-mentioned gas attracts attention as gas which cleans the inside of a 
reaction chamber and it inquires briskly, as for fluorine **** contamination, ** does not have 
**** as for this. 

This invention aims at offering the manufacture approach which forms this thin film efficiently, 
after it was made in order to solve the fault generated in case a silicon system thin film is 
formed, and securing the property of a silicon system thin film. 
[Elements of the Invention] 
(Means for solving a trouble) 

After this invention performs cleaning in a reaction chamber by plasma cleaning which used NF3 
gas, and it performs plasma treatment of hydrogen gas continuously; it forms a silicon system 
thin film (a-Si:H is called hereafter), for example, hydrogenation amorphous silicon, by the GD 
method, using silicon system gas. 
(Operation) 

Fundamentally, this invention follows the plasma cleaning by **NF3 gas, **H2 plasma treatment, 
and the procedure of ** silicon system thin film membrane formation. First, activity F radical is 
generated by processing of ** and the unnecessary silicon system thin film with which this F 
radical has adhered to the interior of a reaction chamber is etched. And although HF, F, etc. 
which are a product in an etching process adhere after processing of **, and to the interior of a 
reaction chamber, this etching product can be removed by the hydrogen radical generated by 
processing of **. Consequently, while membrane formation effectiveness improves in process of 
**, a silicon system thin film with a good property can be formed. 
(Example) 

The case where a silicon system thin film is a~Si:H about the detail of this invention is hereafter 
mentioned as an example, and it explains with reference to a drawing. 

The flow chart with which Fig, 1 shows the flow of one example of this invention, and Fig. 2 are 
schematic diagrams of a manufacturing installation used for this example. Henceforth, this 
example is mainly explained according to a production process using Fig, 1 and Rg_2 . First, 
evacuation is carried out after using a substrate fixture (33) for the up electrode (32) in the 
reaction chamber (31) in Fig^2 and fixing a substrate (34) to it until it opens a bulb (35) and the 
pressure in a reaction chamber (31) is set to 5.0x10 to 6 or less Torrs. Next, a bulb (35) is 
closed, where a bulb (37) is opened, a bulb (61), (62), and (63) are opened, a massflow controller 
(64) adjusts to flow rate 100sccm, and 3 nitrogen-fluoride (NF3) gas is introduced in a reaction 
chamber (31). The pressure of the pressure in a reaction chamber (31) was regulated to O.ITorr 
(s) with the automatic pressure regulator (38) here. Between an up electrode (32) and a lower 
electrode (39), a 13.56MHz RF generator is connected through a matching box (40), RF power 
100W are impressed to it, and glow discharge is made to cause in this condition. NF3 gas is 
decomposed by this glow discharge and activity F radical is generated. This F radical etches the 
a-Si:H film adhering to a reaction chamber (31) wall, an up electrode (32), a lower electrode (39), 
etc. The interior of a reaction chamber (31) is cleaned by this, and becomes clarification by it. 
However, in this condition, a wall, an up electrode (32), a lower electrode (39), etc. of a reaction 
chamber (31) have adhesion of the product in an etching process, for example, HF, F, etc., and 
the a-Si:H film which has a good property is not obtained. 

Be,. 3 is drawing showing the relation of the addition thickness of the a-Si:H film and electric 
conductivity which were formed, and explains contamination of the fluorine system matter of a- 
Si:H using this. In this drawing, the dark electric conductivity (sigmad) and photoconductivity 
(sigmaph) of a-Si:H in the condition that reference data do not have completely contamination of 
the inside of a reaction chamber (31) are shown, and a property is as good as a~Si:H which has a 
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value near this. Moreover, the (A) point and point (A') in this drawing show dark electric 
conductivity (sigmad) and photoconductivity (sigmaph) after performing cleaning by fluorine 
system gas, and this shows that the a-Si:H film is polluted by the fluorine system matter etc. 
Then, in order to take and remove the effect of these products, hydrogen plasma treatment was 
performed. The conditions in this example performed discharge for 60 minutes by H2 flow-rate 
100sccm t reaction chamber (31) internal-pressure O.STorr, and RF power 100W. In hydrogen 
plasma treatment, although the etching product was able to be taken and removed, the 
component of a reaction chamber (31) separated from the wall of the reaction chamber (31) 
exposed to the activity hydrogen radical, and the phenomenon in which it had adhered to the wall 
of a reaction chamber (31) was seen. 

Next, coating of the a-Si:H film is performed. The condition opened a bulb (41), (42), (46), (47), 
and a bulb (56), carried out flow regulation by the massflow controller (51) and (52), set it to 
silane (SiH4) 30sccm and hydrogen 270sccm, and set the pressure in a reaction chamber (31) to 
0.5TorKs) with the automatic pressure regulator (38) further. Here, glow discharge was 
performed for 60 minutes and thickness was made into about 3000A. And when the electric 
conductivity of this sample was measured, as shown in the point (B1) and point (B'1) of Fig. 3 , 
compared with the (A) point or the point (A'X the property became good. However, it turned out 
that the component of a reaction chamber (31) separated, a-Si:H formed immediately has 
adhered in a reaction chamber (31) after hydrogen plasma treatment as a result of not having 
the property good still enough, and this is incorporated in the film at the time of a-Si:H film 
membrane formation. For this reason, as it was in the flow chart shown in Fig. 1 , the process of 
a-Si:H membrane formation (overcoat) was put in. 

next, a substrate (34) is exchanged for pure new glass, a bulb (35) is opened, and the pressure in 
a reaction chamber (31) is set to 5.0x10 to 6 or less Torrs — it continues, and a bulb (35) is 
made close, a bulb (37) is made [ it comes out and evacuation is performed, ] open, and an 
exhaust air system is changed with the system of a pressure regulator (38). And a bulb (41), (42), 
(46), (47), and (56) are made open, a massflow controller (51) and (52) are acjjusted, and silane 
30sccm and hydrogen 270sccm are passed. Moreover, by ac|justment of a pressure regulator 
(38), it is set as pressure O.STorr of a reaction chamber (31). And the RF generator was switched 
on, glow discharge decomposition was performed for 60 minutes, and the a-Si:H film was 
deposited on the substrate (34). The dark electric conductivity (sigmad) and photoconductivity 
(sigmaph) of this a-Si:H film were shown in the (B-2) point and point (B'2) of Fig. 3 . It turns out 
that both dark electric conductivity and photoconductivity become small, and the good a-Si:H 
film is obtained from the point (B1) or the point (B'1) so that clearly from this drawing. It is the 
point (B3) and point (B'3) of Fig. 3 that formed the a-Si:H film further by the same approach, and 
the measurement result of dark electric conductivity and photoconductivity was shown. These 
values are almost the same as that of the (B-2) point or a point (B'2), and it turns out that the 
good a-Si:H film is obtained similarly. In addition, this is mostly in agreement with the reference 
data shown in this drawing. That is, what has a good property was obtained and the a-Si:H film 
behind the plasma cleaning by NF3 gas, hydrogen plasma treatment, and an a-Si:H film overcoat 
raised the engine performance of the applied device, is forming the a-Si:H film using this example 
further, and was able to measure the improvement in effectiveness of membrane formation. 
In addition, although the GD method was used as the manufacture approach of the a~Si:H film 
until now, the same thing cannot be overemphasized also when the sputtering method is used. 
Moreover, as a silicon system thin film, you may be amorphous silicon oxide, amorphous silicon 
nitride, amorphous silicon germanium, etc. in addition to a-Si:H. And between the hydrogen 
plasma treatment in Fig. 1 , and the overcoat of a-Si:H, in order to remove the resultant which 
adhered to the wall of a reaction chamber (31) by hydrogen plasma treatment, if the process of 
performing plasma treatment by inert gas or nitrogen is put in, it is still more effective. 
[Effect of the Invention] 

When a silicon system thin film with a good property can be manufactured and it applies to a 
device, for example, the active-matrix mold liquid crystal display using TFT as a switching 
element, since it comes to form a silicon system thin film after this invention performed NF3 
plasma treatment and hydrogen PUZUMA processing one by one, a device with a good property 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

th e — one — a Fi g. — this — invention — one — an example — a process — flow — being 
shown — drawing — the — two — drawin g 2 — a Fig. — this — invention — using — 
membrane formation — equipment — an example — being shown — drawing — the — three — 
a„Fig, — R — > — a Fig. — having formed — silicon — a system — a thin film — electric 
conductivity — being shown — drawing — the — four — a Fig. — the former — membrane 
formation — equipment — an example — being shown — drawing — it is . 
(31) .... A reaction chamber, (34) Substrate. 
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